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STUDY OF COLD-FORMED STEEL BEAM WEBS 
SUBJECTED TO BENDING STRESS 
by 
Roger A. LaBoube1 and Wei-Wen Yu2 
INTRODUCTION 
In cold-formed steel construction, numerous types of new sections have 
recently been used for buildings and other applications. The design of some 
shapes of cold-formed steel structural members may be complicated by the geom-
etry of the cross section and the use of different grades of steel sheet and strip. 
During the past few years, the structural behavior of cold-formed steel beam webs 
subjected to various types of stresses has been studied by many investigators. (l-?) 
More recently, a research project on "Webs for Cold-Formed Steel Flexural Mem-
bers" has been conducted at the University of Missouri-Rolla under the sponsor-
ship of American Iron and Steel Institute. The main purpose of this project was 
to investigate further the structural behavior of beam webs when they are subjected 
to various types of stresses and combinations thereof. The intent was to provide 
the needed background information for possible development of additional pro-
visions for the design of cold-formed steel beam webs. Even though the project 
involved a study of beam webs subjected to various types of stresses, this paper 
deals only with the investigation of web behavior of cold-formed steel beams sub-
mitted to bending stress. 
1Research Assistant, Department of Civil Engineering, University of Missouri-
Rolla, Rolla, Missouri. 
2Professor of Civil Engineering, University of Missouri-Rolla, Rolla, Missouri. 
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In the investigation's first phase up to June 1975, 44 beam specimens 
were tested to study the structural strength of beam webs when they were sub-
jected to bending stress only. The objectives of this portion of the study were: 
1. to verify the theoretical buckling loads by test results, 
2. to determine the postbuckling strength of webs subjected to bend-
ing stress, and 
3. to develop a new method for predicting the moment capacity of 
beam webs. 
EXPEIDMENTAL INVESTIGATION 
The specimens used for the experimental work were box-type sections 
as shown in Fig. 1(a). They were fabricated from specially designed channel 
sections. In the fabrication of the beams, channel sections were braced by 
3/4 x 3/4 x 1/8 in. angles at the compression flange and by 1/8 x 3/4 in. rec-
tangular bars at the tension flange. Self-tapping screws were used for the 
connections. The intervals between the braces were close enough to prevent 
lateral buckling of each individual channel section. For some specimens, a 
track section or additional steel sheets were fastened to the tension flange such 
that the maximum compressive bending stress in the web would be larger than 
the tensile bending stress. See Fig. 1(b). These test specimens possessed 
the following parameters: 
1. Thicknesses of steel: 0. 049 to 0. 077 inches 
2. Yield points of steel: 39. 85 to 53. 79 ksi 
3. h/t ratios: 75.03 to 149.02 
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4. w/t ratios of stiffened flanges: 21.12 to 65. 12 
5. w/h ratios: 0.176 to 0.490 
6. f /f ratios: 0.871 to 2.40 
c t 
In the above listed expressions, h is the clear distance between the 
flanges measured along the plane of the web, t is the base thickness of the 
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steel, w is the flat width of the compression flange exclusive of corner radii, 
fc is the maximum compressive bending stress in the web, and ft is the max-
imum tensile bending stress in the web. 
After the beam specimens were fabricated, side channels were fastened 
to the beam webs by using self-tapping screws at the locations shown in Fig. 2. 
These side channels were used to support the bearing plates for the applied 
load and to transfer the load to the beam through the webs. In view of the fact 
that the purpose of this portion of the investigation was to study the beam web 
behavior occassioned by the bending stress only, it was found that this arrange-
ment eliminated the effect of the contact bearing stress on the load-carrying 
capacity of beam webs subject to bending stress. 
In order to determine the actual stresses developed in the beam speci-
mens, 12 to 16 foil strain gages were mounted on one beam web and on both 
the compression and tension flanges. Grid lines were plotted on one side of 
the beam web for the purpose of measuring its deformed shape under various 
loading levels. 
All the beam specimens were tested in the 8-ft. wide, 9-ft. high, and 
21-ft. long loading frame, which was anchored to the test bay. Each specimen 
was tested as a simply supported beam under two concentrated loads, which 
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were applied at the one-third span length to provide a pure moment region in 
the center of the beam. See Figs. 3 and 4 for the test setup. In order to pre-
vent lateral movement and rotation of the beam, four braces were attached to 
the central portion of the test specimen as shown in Fig. 5. In addition, ver-
tical rollers were placed at both ends of the beam (Fig. G). 
During the tests, loads were applied by a hydraulic jack in predetermined 
increments. For each increment of loading, the applied jack load and strain 
gage readings were recorded and printed out on tape by using a data acquisition 
system. The vertical deflection of the beam was measured by dial gages. In 
addition, lateral displacements of the central portion of the web were measured 
at several selected loads by using the special measuring apparatus shown in 
Figs. 4 and 7. 
All the beam specimens were tested to failure. Figures 8 and 9 show 
two typical failure modes observed in the tests. 
From the experimental work, the following test data were obtained for 
each specimen: 
1. (P cr)w - the critical load for the initiation of web buckling caused 
by bending stress. 
2. (P cr)f- the critical load for the initiation of flange buckling caused 
by compressive stress. 
3. p 
y 
- the yield load under which the compressive bending stress 
in the extreme fiber of the flange reaches the yield point of 
steel. 
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4. P u -the failure load for a beam specimen. 
All the tested critical buckling loads were compared with the theoreti-
cal values, which were computed from the critical buckling stress determined 
by Eqs. (1) and (2): 
1. For the compression flange, 
(1) 
2. For the web element, 
(2) 
in which (fcr)f = critical buckling stress for compression flange 
(fcr)w = critical buckling stress for web element 
Kf buckling coefficient for compression flange = 4. 0 
K buckling coefficient for web element (?' S) 
w 
= 4 + 2(1+/3) 3 + 2(1+/3) 
/3 =\f/fc\ 
E =modulus of elasticity = 29.5 x 103 ksi 
IJ. =Poisson's ratio= o. 3. 
Other symbols, such ash, w, t, fc and ft' have been previously defined. 
It should be noted that in determining the buckling coefficients for webs, 
due consideration was given to the actual stress ratio, fc/ft. This ratio was 
computed from the readings of the strain gages located along the edges of the 
compression and tension flanges. 
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In order to evaluate the postbuckling strength of webs subjected to bend-
ing stress, a study was made on the ratios of P u/P cr for the beam specimens 
tested to date. It was found that web buckling was generally affected by the con-
dition of the edge support, the aspect ratio of the web element, the h/t ratio, 
the stress ratio, f /f , and the ratio of w/h. In addition, the postbuckling 
c t 
strength of the web elements was found to be primarily affected by the h/t ratio, 
the stress ratio, f
0
/ft' and the ratio of (w /t)/ (w /t)lim. Numerically, the post-
buckling strength of webs can be determined by the following tentative formula: 
in which <t == postbuckling strength factor 
0!1 == 0.017 (h/t)- 0.790 
0!2 == 0.423 (f/fJ + 0.469 




(w/t)1. == 171/A according to Section 2. 3. 1. 1 of the AISI Specification(
9) 
Ill 
f == actual stress in the compression flange computed on the basis 
of the effective design width. 
Figure 10 shows the correlation between the postbuckling strength factors ob-
tained from the tests and those computed from Eq. (3). 
PRELIMINARY SUMMARY 
Based on the results of the 44 beams investigated to date, the following 
preliminary conclusions can be drawn: 
1. The buckling stress of webs subjected to bending can be pre-
dieted by the theoretical equation, provided that the buckling 
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coefficient is determined according to the actual ratio of the 
maximum compressive and tensile bending stresses. Early 
flange buckling may cause premature buckling of the web 
element. For this case, the buckling coefficient can be mod-
ified according to the w/h ratio used. 
2. The buckling stress of the compression flanges can be pre-
dieted by the theoretical equation with Kw = 4. 0. 
3. The postbuckling strength of the web element is available, 
but its magnitude varies according to the depth/thickness 
ratio (h/t), the stress ratio (fc/ft)' and the compactness of 
the compression flange. A tentative formula has been de-
veloped for the postbuckling strength of web elements. This 
formula is presently limited only to the cases covered in this 
study. 
4. For some beams, the use of a full web area may result in an 
over estimate of the moment capacity as compared with the 
results obtained from beam tests. Based on the available test 
data obtained from this program, the mean value of (Mu) tes/ 
(M ) ted is 0. 947 with a standard deviation of 0. 0653. 
u compu 
The above preliminary summary is subject to further confirmation by the re-
suits of future study. 
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NOTATIONS 














=modulus of elasticity of steel= 29. 5 x 10 3 ksi 
=actual stress in the compression flange 
= maximum compressive bending stress in web 
= maximum tensile bending stress in web 
= critical buckling stress 
= clear distance between flanges measured along the plane of 
the web 
= buckling coefficient 
= critical load for initiation of buckling 
= ultimate load or failure load 
= base thickness of steel 
= flat width of compression flange 
= o. 017 (h/t) - 0. 790 
= 0.423 (f /f)+ 0.469 
c t 
= 1.291- 0.197 (w/t)/(w/t)lim 
=I f/fcj 
=Poisson's ratio 
= postbuckling strength factor 
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Fig. l(a). Box-Beam Specimens 
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2.8 
COMPUTED POSTBUCKLING STRENGTH FACTOR 
(Eq. 3) 
Fig. 10. Correlation Between the Computed and Tested Postbuckling 
Strength Factors 
